The development of radiographic systems for the grading of osteoarthritis requires knowledge of the reproducibility of their individual component features. This paper reports the reproducibility, both within and between observers, for five commonly used radiographic features of osteoarthritis in the tibiofemoral and pateliofemoral compartments of the knee joint. The results suggest that assessments of joint space narrowing, osteophyte, and bony contour in the tibiofemoral compartments are more reproducible than those of sclerosis and cyst. Patellofemoral assessments, with the exception ofosteophyte, are considerably less reproducible between observers than tibiofemoral assessments.
Patients and methods
Standing anteroposterior and lateral knee radiographs were obtained from 50 patients (14 men, 36 women) selected from a case register of patients with osteoarthritis of the knee maintained at the Bristol Royal Infirmary. They were chosen to represent a range of severity of the condition. The mean age of the patients was 69'4 years and the mean disease duration 15 9 years. Forty four patients had bilateral disease and three had unilateral disease. The remaining three patients were included on the register, but were felt on review to have minimal radiographic changes in either knee.
Five observers (one consultant, four trainees) participated in the study. They agreed on the criteria for radiographic evaluation during a half hour training period, following which no further discussion was undertaken to improve observer agreement. The observers scored all 100 knee radiographs on two separate occasions over a three day period. The radiographs were presented to each observer by a study controller in a random order, ensuring that the observer was unaware on the second occasion of his or her initial score.
Five radiographic features were assessed in each of the three compartments (medial and lateral tibiofemoral and patellofemoral) in each knee. They comprised joint space narrowing, osteophyte formation, subchondral sclerosis, cyst formation, and abnormality of the bony contour. Each feature was graded on a three point scale (0=absent, 1=mild, 2=severe) which had been agreed during the training period. Joint space narrowing and sclerosis were assessed by eye alone according to the predetermined scale.
Within and between observer reproducibility were estimated for the five features in each joint compartment. Within observer reproducibility was assessed (a) using all 500 pairs ofobservations (to examine overall reliability), and (b) for each individual observer (to examine the range of reliability within different observers). Between observer reproducibility was likewise estimated (a) for the grouped results of the five observers as a whole and (b) for each of the ten possible combinations of observers. The level of observer agreement was quantified using the x (kappa) statistic, around which 95% confidence limits were calculated.6
Results Figure 1 shows the overall within observer reproducibility of the five radiographic features in the tibiofemoral joint. The reproducibility of assessments made on right and left knees did not differ statistically significantly nor did those Reproducibility was lower bc within observers for all five radiogra in the tibiofemoral joint. Osteop the greatest between observer rep and again, values for joint space n, contour were significantly better td sclerosis and cyst formation. Figure 2 shows the within g observer reproducibility of the five features in the patellofemoral ji observer reproducibility was slight in the tibiofemoral joint. Betw4 reproducibility in the patellofe however, was significantly lower features except osteophyte. In assessments of patellofemoral joii contour were no better than thos and cyst.
The The results for the individual observers were also examined separately. It was found that the poor overall reproducibility of some featuresfor example, tibiofemoral sclerosis and cyst, did not result from inconsistency in the assessments of all five observers, but arose from the poorer performance of three of the five. For tibiofemoral cyst, the two most consistent observers were capable of attaining a concordance characterised by a x statistic of greater than 0-6, whereas the least consistent observer gave values of less than 0-2.
)roducibility, Discussion arrowing and We have assessed within and between observer han those for reproducibility for five radiographic features of osteoarthritis in the tibiofemoral and patelloand between femoral compartments of the knee joint. Our radiographic results suggest that assessments of joint space oint. Within narrowing, osteophyte, and bony contour in the ly lower than tibiofemoral compartment are significantly een observer more reproducible, both within and between moral joint, observers, than assessments of sclerosis and cyst r for all the formation. In the patellofemoral compartment, 1 particular, the only feature to show a similar overall nt space and reliability was osteophyte formation. ,e of sclerosis The x statistic provides a tool with which to assess agreement between sets of observations of grades for above that expected by chance alone.7 As only tibiofemoral three levels of severity were adopted in our s, using the radiographic grading of each variable, and ;erver at each discordance of greater than one category was occurrence of relatively infrequent, we decided against )hyte than of adopting the weighted x aim of this work is to construct such a set using reproducibility as a criterion.
Although the association between these radiographic features has been documented in patients with osteoarthritis of the knee, clinical observations have often pointed to differences in their order of appearance and variation in their clustering.5 In spite of this, the earliest grading system of osteoarthritis, one which assumes a sequence of events in the progression of the disorder and attributes major significance to osteophyte, continues to be used in clinical and epidemiological studies.""'2 Improvement or revision of this system requires information on the reproducibility of its component radiographic features. Such data are only now beginning to accumulate. As part of an investigation aiming to improve the assessment of radiographic progression in osteoarthritis, Altman et al' evaluated the reproducibility of joint space narrowing, spurs, alignment, attrition, and sclerosis in 32 pairs of knee radiographs. Their findings for narrowing and osteophyte (spur) were similar to those reported here, although assessment of contour was more reproducible in our study. Kallman et aF reported the reproducibility of a series of assessments on hand radiographs from patients with osteoarthritis. Although the reproducibility for all features tended to be greater for the hand than the knee, the higher ranking of narrowing and osteophyte was again observed. This is the first study attempting to evaluate the radiographic features of osteoarthritis in the patellofemoral joint. Isolated patellofemoral joint osteoarthritis is a recognised disease, although its clinical and epidemiological characteristics remain obscure. 3 The frequently observed discrepancy in epidemiological studies between knee pain and radiographic evidence of osteoarthritis'4 may result, in part, from a failure to examine lateral knee radiographs. Our findings suggest that the consistency of assessment between observers for features at this site other than osteophyte, needs to be improved. Alterations in the radiographic technique, perhaps with the inclusion of skyline views of the joint,'5 and training of observers, represent potential means to improve reproducibility at this site.
